Supplementary Figure 6: Nitrogen adsorption studies (at 77K) of UiO-66 particles.
(Green diamond) UiO-66-ref, (black square) UiO-66-H, (blue triangle) UiO-66-NH 2 , (red circle) UiO-66-Br particles. Open and closed markers represent adsorption and desorption data, respectively (P 0 =1 atm). N 2 sorption isotherms measured at 77 K were used to evaluate the surface area, crystal structure and porosity of the UiO-66 MOFs (Supplementary Figure 6) . Almost all modulated MOFs exhibited hybrid type I/IV isotherms with hysteresis between adsorption and desorption isotherms while Type I isotherms are indicative of microporous structure (pore size less than 2 nm) observed for non-modulated UiO-66-ref. Type IV isotherms are strong evidence of mesoporous structure (pore size between 2 and 50 nm) which may come from the interstitial voids between the nanoparticles of modulated synthesized particles 4 . including C-H stretching within the methyl (C-CH 3 ) groups and methylene (CH 2 ) groups at around 2950, 2930 and 2840 cm -1 , C-H bending vibrations within methyl and methylene groups (1455 cm -1 ), nitrile groups (-CN) at 2238 cm -1 , aromatic bending (C=C) at 1607 cm -1 , C-O stretching over 1300-1000 cm -1 . In the spectrum of MMM made by UiO-66-NH 2 the appearance of the broad N-H band at 3200--3600 cm --1 as well as the C=O band at 1650-1710 cm --1 indicate the presence of MOF particles inside the PIM-1 matrix. Also, there is a decrease in absorption between 1300 and 1100 cm -1 in these samples. This could be due to hydrogen bonding between the aromatic ether groups of the PIM-1 and the amine group grafted to the UiO-66 external surface 8 . The comparison FTIR data showed that the intensity of the signals related to ether group stretching, 1300-1100 cm -1 , significantly decreased in modulated-functionalized UiO-66-NH 2 MMMs (5 and 10 wt. % loading) while it was almost constant for MMMs including UiO-66-ref particles.
Supplementary Figure 8:
TGA of the pure PIM-1 and PIM-1/UiO-66-NH 2 MMMs. Thermal degradation of PIM-1 started at around 390˚C. Above this temperature, continuous weight loss was observed. The thermal stabilities are improved upon the introduction of UiO-66-NH 2 nanoparticles into the PIM-1 matrix and the slope of weight reduction decreases as the amount of particles in the polymer increase. As the temperature increased above 400 °C the MMMs showed a slightly enhanced decomposition temperatures (Td) depending on the UiO-66 loadings. [478] [479] [480] [481] [482] [483] [484] [485] [486] [487] . One speculative cause is that the modulated fillers have not completely eliminated the effects of microvoids, at least at the level of the kinetic diameter of H 2 , which at 2.8Å, is smaller than the remaining cluster of gases (3.3-3.7Å) tested in this study. Over time such defects would be expected to relax, so that the findings of high hydrogen selectivity over other gas pairs is likely a transient effect. However, such a speculation would require a further focused study for verification. The gas permeability of typical glassy polymers declines with increasing pressure due to the filling the sorption sites, while at the elevated pressures, gas permeability approaches a constant value 9 . However, for more strongly interacting penetrants like CO 2 , glassy polymers show an upward-increasing permeability due to plasticization at high pressures 10 . Therefore, the typical plasticization of glassy polymer membrane was observed by initial decrease in permeability with pressure at low pressures followed by a continuous increasing in CO 2 permeability with increasing pressure. In contrast with the conventional glassy polymers, microporous polymers like PIM-1 doesn't plasticize by CO 2 and show a decrease in permeability with increasing of CO 2 feed pressure in wide range of pressure. This phenomena might be related to the break down in microporous structure of PIM-1 and decrease in high initial free volume of the polymer 10 . Composite membranes comprising 5 and 10 wt.% UiO-66-NH 2 particles showed similar behavior as PIM-1. However, the amount of reduction in CO 2 permeability in MMMs at high pressure was less than PIM-1. 
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where P 0 is a pre-exponential factor (cm 3 (STP).cm/cm 2 .s.cm-Hg), E p is the activation energy of permeation (J/mol), T is the experiment temperature (K) and R is the universal gas constant (8.314 J/mol.K). Ep values for PIM-1 and composite membranes were calculated from the slopes (−E p /R) of the linear curve-fits through the permeation data and summarized in Supplementary Table 5 . CH 4 and N 2 permeability of PIM-1 increased with increasing temperature whilst the CO 2 permeability decreased. The absolute activation energy values are significantly lower in CO 2 than CH 4 and N 2 . Therefore, the CO 2 separation factors reduces by increasing temperature. Gas permeability of UiO-66-NH 2 MMMs showed almost similar trend as PIM-1 to the temperature changes with higher absolute amounts of E p . This results suggest that the permeation properties of MMMs are more dependent on temperature than PIM-1. On the contrary, increasing temperature exhibits a decrease in permselectivity due to increases the free volume of the polymer and diminishing the sieving properties of the membranes 11 . It is generally admitted that the micropores are filled at very low relative pressures which are the result of overlapping of adsorption potentials of crystal pore walls 5 . Therefore, the significant lower amount of nitrogen sorption (at P/P 0 = 0.1) in modulated particles (UiO-66-ref) might be in accordance with their lower crystallinity compare with non-modulated particles 6 . The data is in agreement with the PXRD of UiO-66 structures that show lower signal intensities in modulated particles than non-modulated one (please see PXRD of particles). The energy released when the relaxed PIM-1 model is adsorbed on the MOF. This is the sum of the rigid adhesion energy and the deformation energy. b The energy released when the adsorbed PIM-1 model is relaxed on the MOF. c The energy released when the frozen PIM-1 model is adsorbed on the MOF. The capping agents also prevent further assembly of the MOF network from the polydentate ligand, therefore, the particle crystal size decrease. The effects of modulation on the properties of MOFs have largely been as a result of change in the particle size, rather than specific surface chemistry 3 .
Supplementary Note 2: Computational studies.
To gain insight into the adhesion processes between PIM-1 and UiO-66 metal-organic frameworks (MOFs), a series of simulation studies were conducted, using the Adsorption Locator and Forcite programs in Material Studio. PIM-1, UiO-66 and UiO-66-NH 2 were described with the universal force field (UFF) combined with QEq charges. Using the crystal structure of UiO-66 as a starting point, two types (A and B) of models for UiO-66 and UiO-66-NH 2 were built (Supplementary Figure  10) . Supplementary Figure 11 . Before doing adhesion-energy calculations, we optimized the structures of the separate PIM-1, UiO-66, and UiO-66-NH 2 models using the Forcite program. For the latter two models, heavy atoms in the Zr 6 O 4 (OH) 4 cores, terminal linkers at the truncation boundary, and carboxyl oxygen atoms of the linkers were fixed during the geometry optimizations to maintain the framework structure of UiO-66. Several plausible structures of adhesion complexes were generated with the Adsorption Locator program. The atoms at the target site for the sampling of PIM-1 configurations are shown in stick representation in Supplementary Figure 11 . During Adsorption Locator calculations, the above-optimized geometries of the MOFs were kept fixed. USCF Chimera was used for visualizing molecules.
Supplementary Table 2 summarizes the calculated adhesion energies for UiO-66-A and UiO-66-NH 2 -A. The adhesion energy of UiO-66-NH 2 -A-1 (-72.2 kcal/mol) is significantly smaller than that of UiO-66-A-1 (-55.3 kcal/mol). This significant difference is attributable to the fact that the nitrile group and the oxygen atom of PIM-1 can form hydrogen bonds with the -NH 2 groups of UiO-66-NH 2 in UiO-66-NH 2 -A-1; these hydrogen bonds are absent in UiO-66-A-1. However, the adhesion energies of UiO-66-NH 2 -A-2 and UiO-66-NH 2 -A-3 are not much different from that of UiO-66-A-1 because a smaller number of hydrogen bonds can be formed in in these cases. These results highlight the importance of H-bonding in the adhesion of PIM-1 and UiO-66-NH 2 on the corrugated surface. On the other hand, the adhesion energies for UiO-66-NH 2 -B and UiO-66-B are nearly the same, as shown in Supplementary Table 3 . This can be understood from the fact that no hydrogen bonds are formed (Supplementary Figure 12) . The results obtained for UiO-66-B and UiO-66-NH 2 -B indicate that the flat surface is less relevant to the enhancement of adhesion. Hence, the enhanced MOF/PIM-1 interfacial adhesion in the case of UiO-66-NH 2 should be primarily due to the H-bonding interactions at the corrugated surface.
